Introduction
The Department of Health and Human Services reports that 11% of the population over the age of 12 (-24 million people) voluntarily admitted to using illicit drugs in 1996, with 6.4% of the population having used an illicit drug within one month (1). Because of such prevalence, emergency rooms, rehabilitation facilities, probation officers, drug counselors, and employers Triage Panel for Drugs of Abuse plus TCA devices simultaneously determined the presence of AMP, BE, THCA, OPI, PCP, BNZ, and BRB. Drug present in donor urine specimens competed with gold conjugated drug for antibody in a reaction well. This reaction mixture was transferred to the detection membrane. Antibody immobilized in the detection membrane bound the free gold conjugated drug from the reaction mixture and produced a colored line indicating a positive result. A negative specimen was indicated by the lack of a line because the gold conjugated drug was not available to bind with the antibody immobilized in the membrane. The device was operating correctly if the control negative region showed no line and the control positive region produced a line.
QuickScreen Pro-Multi Drug Screening Tests, Syva Rapid Test d.a.u. 5, and Rapid Drug Screen simultaneously determined the presence of AMP, BE, THCA, OP], and PCP. QuickScreen and Rapid Test required separate devices to test for BNZ and BRB. Rapid Drug Screen tested for BNZ and BRB on the same device.
These devices utilized an antibody-dye conjugate and an immobilized drug conjugate. Dye-conjugated antibody bound with the drug-protein conjugate immobilized in the detection membrane and created a colored line, indicating a negative test. Drug in donor urine bound the dye-conjugated antibody and prohibited it from interacting with the drug-protein conjugate immobilized in the detection area. Therefore, the absence of a line indicated a positive test. The device was operating correctly if the control region produced a line.
Specimens. All urine specimens except those containing either
BRBs or BNZs were obtained from specimens submitted for drug analysis to Scientific Testing Laboratories, Inc. in Richmond, Virginia. Urine specimens containing BRBs and BNZs were obtained from the clinical toxicology laboratory of the Medical College of Virginia in Richmond, Virginia. Specimens chosen for evaluation contained at least one drug with a concentration near or above the screening cut-off concentration. Each drug class contained at least 17 specimens confirmed positive by GC-MS.
Reference material and test specimens, d-AMP,
BE, PCP, THCA, codeine, alprazolam, and pentobarbital were purchased from Radian Corp. Drug narne (Austin, TX). Six specimens were prepared by adding these drugs to drug free urine to produce concentrations at the cutoff, 16.7% above and below the cutoff, 33.3% above and below the cutoff, and 66.7% above the screening cutoff values of each drug. Each drug-added specimen contained all seven drugs. Lyphocheck | Urine Toxicology Screen Control with GC-MS confirmed concentrations 20-25% above cutoff concentrations of AMP, BE, THCA, free morphine, Barbiturates PCP, secobarbital, and oxazepam was also purchased from BioRad (Anaheim, CA) and tested.
Methods

Confirmation testing. Specimens received at
Scientific Testing Laboratories, Inc. were first screened by Roche's ONLINE KIMS monoclonal immunoassay. Specimens received at the c]inical toxicology laboratory at Medical College of Virginia were screened by EMIT lI monoclonal immunoassay. All positive specimens were subsequently confirmed using the Hewlett-Packard model 6890 temperature-programmed GC in tandem with the Hewlett-Packard model 5973 mass selective detector.
On-site device protocols. The Triage package included the pipet and wash solution needed to perform the analyses. The reaction well was checked for three reaction beads (purple, white, and yellow). These beads corresponded to the labeled drug, antibodies, and buffer, respectively (3) . Using the pipet, 140 ~tL of urine specimen was pipetted into the reaction well and incubated for 10 rain at room temperature. Using the same pipet fitted with a new tip, the reaction mixture was transferred to the detection membrane and allowed to soak through completely. As soon as the mixture soaked through, three drops of wash solution were added to the detection membrane. After the wash solution absorbed into the membrane, results were read within 5 min (4).
The Rapid Drug Screen package included a cup in which each analysis was performed. The urine specimen was poured into the cup to the designated level, and the test device was inserted through a slit in the cap until it touched the bottom of the cup. The device incubated approximately 5 rain (within the 3-to 10-rain window designated in the package insert), and the results were read (5). The Syva Rapid Test package included a dropper to perform each analysis. The device was placed on the table, and three drops of urine specimen were placed into the reaction well. The device was incubated approximately 5 rnin (within the 3-to 10-rain window designated in the package insert), and the results were read (6) .
The protocol for QuickScreen deviated from the manufacturer's instructions. The device was intended to be placed vertically into a cup containing the urine specimen. However, no cup was supplied, so approximately 0.75 mL of urine specimen was placed in the sample wells, and the test was performed horizontally. The device was allowed to incubate for 10 min, and the results were read (7). On-site device screening. On-site device testing was performed such that the analyst knew the drug class, but the drug concentration was unknown. Drug-added urine specimens, drug-free urine specimens, and the urine control specimens were labeled with a special code such that the identity of the specimen was unknown to the analyst during testing. All positive and negative results from each assay were reported regardless of the specific drug class being tested. An exception to this rule was that for specimens known to contain BNZs and BRBs only the results of BNZ and BRB were recorded.
All urine specimens had been either frozen or refrigerated and were brought to room temperature prior to analysis. Device protocols were followed as previously described, and results were recorded in the following manner: if the testing device tested for AMP, BE, THCA, OPI, and PCP simultaneously, all results were recorded for each device. Because Triage could also simultaneously test for BNZ and BRB, the results for these analytes were also recorded for all urine specimens. BNZ and BRB results were recorded for QuickScreen, Rapid Test, and Rapid Drug Screen when the urine specimens contained these analytes.
Each device detected the target drugs/drug metabolites at the screening cutoff concentrations as listed in Table I . A negative result was recorded if a line appeared next to a drug on the QuickScreen, Rapid Test, and Rapid Drug Screen devices. A positive result was recorded in the absence of a line next to a drug on these same devices. For the Triage devices, if a line appeared next to a drug, a positive result was recorded, and a negative result was recorded in the absence of a line. If any device responded incorrectly in its control region, that specific test was considered invalid and the results for that device were discarded.
All results from the screening devices were compared to the quantitative results previously determined by GC-MS. False positives and false-negative results were tallied. A false positive (FP) was the indication by the device that the urine drug concentration was equal to or above the screening cutoff concentration when it had been determined by GC-MS to be below the screening cutoff concentration. A false negative (FN) was the indication by the device that the urine drug concentration was below the screening cutoff concentration when it had been determined by GC-MS to be above the screening cutoff concentration. A true positive (TP) was the correct indication by a device that the urine drug concentration was equal to or above the screening cutoff concentration. A true negative (TN) was the correct indication that the urine drug concentration was below the cutoff concentration.
Calculations
The analytical efficiency of each on-site device was determined by calculating the sensitivity and specificity when testing the donor urine specimens. Sensitivity, the device's ability to determine the presence of a substance, was calculated using equation 1.
(TP) Sensitivity = Eq. 1 (TP+ FN) Specificity, the device's ability to determine the absence of a substance was calculated using equation 2.
Efficiency, the device's ability to correctly determine the presence or absence of a substance was calculated using equation 3. 
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Results and Discussion
As seen in Table I , the on-site test devices were manufactured with specific antibodies toward PCP, BE, d-AMP, THCA, and morphine and its glucuronide metabolite. Despite the designed specificity for a drug, each device had a degree of cross reactivity to other substances. However, in this study, potentially cross-reactive species in the donor urines were not identified. Single specific BRB and BNZ antibodies were not identified for these two drug classes in Triage and Rapid Drug Screen devices, but the devices were designed to generally identify several drugs in each class. Rapid Test and QuickScreen specifically targeted secobarbital and oxazepam. Therefore, a caveat concerning the FP finding when testing for BNZ must be noted. Confirmation analysis was not performed to detect all possible BNZ drugs and/or possible BNZ metabolites. Given the number of BNZ metabolites that may cross-react with the on-site devices, it is possible that some unidentified BNZs were present in the donor urines. Table II summarizes the results of the performance evaluation of Triage, Rapid Drug Screen, Rapid Test, and QuickScreen testing drug-free urine specimens and the Lyphocheck Urine Toxicology Screen Control. The manufacturer confirmed the concentration of AMP, BE, THCA, free morphine, PCP, secobarbital, and oxazepam in the control specimen via GC-MS to be 20--25% above the cutoff concentrations. Ten devices from each manufacturer were tested using the drug free urine and the positive control specimens. All devices were able to verify the absence of drug in a specimen. However, each device had FN results for at least one drug class when testing the positive control specimen, indicating difficulty in identifying positive specimens near the cutoff concentration.
Performance of the on-site screening devices in donor urine specimens was evaluated. Given that donor specimens may have contained multiple test drugs, a total of 1364 drug challenges (negative or positive) were analyzed with the Triage. Each of the other devices simultaneously tested for five drugs in each specimen resulting in a total of 996 drug challenges (refer to Methods section for data recording protocol). Figure 1 shows The calculated sensitivity and specificity of each on-site urine test device in donor urine specimens and drug-added specimens are presented in Tables III and IV , Triage had the highest sensitivity, specificity, and efficiency in determining the presence or absence of drugs in donor urines and drug-added specimens. For the drug-added specimens, 60 devices each of Triage, Rapid Drug Screen, and Rapid Test were tested using the six drug-added urines as previously described. Only 36 QuickScreen devices were evaluated using these six drug-added specimens. Overall sensitivity, specificity, and efficiency for each device were calculated by tabulating the total number of TP, TN, FP, and FN from all seven drug classes. The Rapid Test data are notable in that sensitivity in the donor urine specimens was 6a.3. However, it was zero in the drug-added specimens. These disparate data could possibly arise from some discrepant devices used to test the drug-added specimens that were antibody specific for methamphetamine. Although this was not indicated on the package insert accompanying the devices, amphetamine-selective devices were only available outside the United States. As a result, methamphetaminespecific devices were mistakenly shipped to us. A recent study by * NA is designated in the barbiturate and benzodiazepine categories because calculations could not be made be(ause of the lack of negative samples tested.
Taylor et al. (8) evaluated several immunoassays, including Rapid
Drug Screen. Using drug-added specimens with 25% above and 25% below the cutoff concentrations of methamphetamine, BE, THCA, morphine, and PCP, they also demonstrated a moderate rate of false positives and false negatives in most drug classes for Rapid Drug Screen. Analysis of their data shows 76% sensitivity and 46% specificity for Rapid Drug Screen. Performance around the screening cutoff concentration was analyzed for each device (Figure 2) . After plotting the percentage of positive results against the concentrations in drug-added spec- imens, the slope of each line was analyzed for linearity. cluded that Triage performed equivalently to accepted highvolume instrument-based methods such as EMIT. However, Poklis and Edinboro (11) cautioned that Triage may not detect all BNZs for three reasons: (1) manufacturers only target a small percentage of BNZs in their on-site devices, (2) a vast number of BNZ metabolites cross-react with on-site devices, and (3) a discrepancy between antibodies in the test kits and their calibrators exists. They concluded that if enhanced BNZ detection is required, the clinic should combine Triage with another immunoassay targeted to other BNZs (12) .
Triage was the most complex assay requiring about 12 total minutes for testing. Rapid Test, QuickScreen, and Rapid Drug Screen were simpler and required a total test time of 6-10 min. Rapid Drug Screen, QuickScreen, and Rapid Test had two potential problems that could ultimately invalidate the test results: (1) incomplete wicking in that the urine may not saturate the detection areas and (2) the misapplication of urine onto the devices such that the device was submerged too far into the specimen and urine mistakenly entered the detection membrane without passing through the specimen placement wells. Triage alleviated these potential problems. More importantly, assessment of test results was most straightforward on the Triage devices because any formation of a line indicated a positive specimen. For the other screening devices, the appearance of a colored line indicated a negative result. This was counter-intuitive and confusing. Lines barely appearing in QuickScreen, Rapid Test, and Rapid Drug Screen devices could have been indicative of a specimen that may have drug concentrations just below the screening cutoff. However, the intensity of this colored line was not a quantitative indicator and a barely visible line was considered negative. Studies have also shown that "self-learning" during Triage evaluations was effective (13) .
Conclusions
The analytical performance as defined by sensitivity, selectivity, and efficiency of four on-site drug testing devices was evaluated: Triage Panel for Drugs of Abuse plus TCA, QuickScreen Pro-Multi Drug Screening Tests, Syva Rapid Test d.a.u. 5 and d.a.u. 2, and Rapid Drug Screen. Overall, the Triage device demonstrated superior sensitivity, selectivity, and linearity around the cutoff concentration. Triage was also the only on-site testing device in which the appearance of a colored line indicated a positive result, making the assessment of a positive drug test more intuitive.
With the increased popularity of on-site drug testing, great care must be exercised in their application. Despite the advances in technology to produce more reliable results, on-site testing devices remain only a screening tool. Therefore, employers, officers, doctors, and counselors using these tools must regard the results of any immunoassay with caution. To be assured of analyte identification, immunoassay findings must be confirmed by GC-MS.
